Background. orthopaedic fractures are one of the common presentations among elderly patients at any primary care facility. While most researches have labelled osteoporosis as being responsible for these fractures in the elderly, vitamin d deficiency, despite being prevalent in all races, age groups and ethnic backgrounds, is given lesser importance. Objectives. To assess vitamin d level and its relation with advancing age among older adults presenting with an orthopedic fracture. Material and methods. A cross-sectional study was performed at one of the orthopaedic oPd, in tertiary care hospital from North india. The patients 45 years and above presenting with orthopaedic fracture were eligible and out of whom 102 were included in the study. For assessing vitamin d level, we measured serum 25(oH)d level, taking cut-off for deficiency, insufficiency and normal levels at < 10, 10-29 and 30 ng/ml or more respectively. Results. out of 102 elderly patients we selected, 59% were male and 41% were females, with the mean age of 61 ± 13.4 years. Majority of them (94.2%) had low serum vitamin d levels. We observed lower levels of vitamin d level to be significantly associated with higher age, menopausal females and no sunlight exposure. Conclusions. With almost all older patients with fracture had low vitamin d levels and its high association with advancing age, we recommend to screen all people for vitamin d deficiency, starting middle age and proper management to prevent fracture in elderly. This is an open Access article distributed under the terms of the creative commons Attribution-Noncommercial-ShareAlike 4.0 international (cc BY-Nc-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/). Shaan ZH, Alvi Y, Ahmad S, Jilani LZ, Faizan M, Fatima ZH. Assessment of Vitamin d deficiency among older adult patients with an orthopaedic fracture and its association with increasing age. Fam Med Prim Care Rev 2019; 21(4): 372-376, doi: https://doi.org/10.5114/ fmpcr.2019.90171.
Background
As the population ages, patients with various chronic diseases and impairments tend to burden primary care facilities. At the same time, primary care for this elderly population has become increasingly complex due to co-morbidities. With relative decreased nutrient intake and impending osteoporosis, the presentation of an orthopaedic fracture at these centres is higher than ever. orthopaedic or trivial fractures occur as a result of minimal or no trauma. While most of research has labelled osteoporosis as being responsible for these fractures in the elderly [1] , vitamin d, which is very important for musculoskeletal health, as well as overall well-being, is given lesser importance. apart from rickets in children and osteomalacia in adults, vitamin d deficiency has been associated with pain and muscle weakness [2] [3] [4] . inadequate serum vitamin d is also associated with secondary hyperparathyroidism -leading to increased bone turnover and bone loss -resulting in increased risk of fractures, especially in the elderly and postmenopausal women, even with minimal trauma [4] [5] [6] . Moreover, studies have documented the benefits of vitamin d supplementation in fracture reduction [7] , as well as in fracture healing [8] , while mixed results were obtained in a recent report by the royal osteoporosis Society [4] .
Sources of vitamin d in the human body include diet and sunlight. most north indians are vegetarian, either because of their faith or due to affordability. Thus, the diet of the general population is often lacking fish and animal protein, which are important sources of vitamin d. Because of affordability, none of the food products available in the market -unlike western countries -are fortified with vitamin d or even calcium. This is further complicated by a few food toxins, like phytates, which are common in a vegetarian diet, preventing the absorption of calcium from the gut and thus disbalancing the vitamin d-calcium homeostasis in the body [9] . Studies among the caucasian population have proposed that 10 minutes of exposure to sunlight overhead and on the arms three times a week would be adequate to prevent vitamin d deficiency [5] , although the same cannot be said in reference to the indian population, where most of the people are brown, having more melanin, which prevents the reaction of UV rays in sunlight with the vitamin d precursor in the skin. Studies in indian settings have documented larger contact period for the successful reaction [6] .
While South Asia is considered as one of the most deficient regions, studies from india have documented an even higher prevalence, ranging from 50-91% distributed among different populations and age groups [9] [10] [11] [12] [13] [14] . The elderly population is especially at higher risk of vitamin d deficiency [5, 12] . This may be attributed to the fact that in old age, the skin and gut are less efficient in producing and absorbing vitamin d, respectively, while immobility among this population decrease the chances of going outdoors and exposure to sunlight [5] . Studies assessing the role of vitamin d as a cause of fractures among the elderly and in the general population is lacking in india, barring a handful of studies among postmenopausal women [15] . Given the importance of vitamin d in overall wellbeing, as well as for musculoskeletal strength, data enlightening the prevalence of vitamin d deficiency in elderly patients could be of great value for policy makers and family physicians.
Objectives
The present study was conducted to assess Vitamin d deficiency among older adults with an orthopaedic fracture and to identify its relationship with increasing age.
Material and methods

Study design and setting
A cross-sectional study was conducted over a period of 12 months from January to december 2015 in Aligarh city, india (27.90 latitude, 78.07 longitude). The patients were selected from the orthopaedic out Patient department, JN Medical College, aligarh, india. incidentally, aligarh is one of the highly populated districts of the state of Uttar Pradesh, which in itself is the most populated state of the country, being the 5 th highest populated place in the world, when treated as a country [16] . the aligarh district, being a part of north india, receives daily sunlight for more than 10 hours throughout the year. The skin complexion of the population is brown in colour. Most of the rural population is involved in agriculture and are exposed to long durations of sunlight with minimal clothing.
Study population
All patients presenting with trivial fractures to the hip and wrist to the orthopaedic oPd, Jn medical College, aligarh, india were eligible for the study. during the study period, we aimed to study 100 patients aged 45 years or more presenting with a trivial fracture. A trivial fracture may be defined as one that occurs as a result of minimal trauma, such as a fall from a standing or sitting position or one that occurs without any identifiable trauma. Patients with abnormal kidney function, abnormal thyroid function, liver disease, history of oesophageal disease, peptic ulcer or cancer or those taking long-term therapy, like oestrogen replacement therapy/corticosteroids/anticonvulsants/ /anticoagulants/glucocorticoid, were excluded from the study.
Study instruments and assessment of vitamin D status
A pre-designed questionnaire covering various risk factors was used to collect data. All study subjects were administered a questionnaire illustrating a detailed history, followed by a physical examination. For estimation of vitamin d levels, we measured pro-hormone 25-hydroxyvitamin d (25(oH)d) rather than the measurement of serum 1,25(oH) 2 d concentrations, as the former is considered a better assessment of vitamin d deficiency [4] . After gaining consent from the patients, a blood sample (4 ml) was collected in ice-cooled syringes (0-4°C), maintaining a proper cold chain, while sending samples to the endocrinology lab (within 1-2 hours). Before being subjected to a hormonal assay, the samples were centrifugated at 1,200 rpm for 10 minutes, followed by collection of the serum from the top of the vial. We performed a direct competitive chemiluminescence immunoassay (cLiA) for quantitative determination of total serum 25(oH)d. during this, a light signal is measured by a photomultiplier in relative light units (rLU), which is inversely proportional to the concentration of 25(oH)d present in the calibrators, controls or samples. The operating instructions for the test were strictly adhered to, ensuring accurate measurement of the 25(oH)d in the samples.
Definitions
assessment of vitamin d status is based on the measurement of serum 25(oH)d. While there is no generalised consensus on optimal levels of serum 25(oH)d for deficiency and insufficiency, most researchers consider more than 30 ng/ml as a sufficient level [6, 9, 17] . Lips classified vitamin d deficiency at a level of less than 20 ng/ml among caucasian, but at the same time, they stressed that the cut-off for these levels should be based on population studies and the level which triggers secondary hyperparathyroidism [5, 18] . The royal osteoporosis Society uses a more stringent cut-off of deficiency at less than 10 ng/mL [4] . For our study, we observed the following classification: 1) deficiency: < 10 ng/mL, 2) insufficiency: 10-29 ng/mL, 3) sufficiency: 30-100 ng/mL.
Data management and statistics
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) Version 20 [19] . The categorical variables were represented as percentage (%) along with a 95% confidence interval, and continuous variables were expressed as a mean with standard deviation. The statistical significance was tested by either correlation analysis between two continuous variables or by unpaired t tests for independence, as well as the analysis of variance (anova), wherever applicable, with the Bonferroni test for post-hoc assessments to identify groups that are homogenous with respect to mean. all tests were two tailed, and a p-value of ≤ 0.05 was considered significant.
Ethical consideration
the study was approved by the board of studies and the institutional Ethics and research Advisory committee, JN Medical College, amu, aligarh. informed consent was obtained from each participant prior to the study. Appropriate health education and adequate counselling was provided to all the patients.
Results
Socio-demographic and clinical characteristics
during the study period, we included 102 patients in the study, 2 more than what we aimed to include. out of them, 60 patients (58.8%) were male, while the remaining 42 (41.2%) were female. The mean age of the patients was 60.8 ± 13.4 years, ranging from 45 to 92 years, with the mean age of males being 60.1 ± 13.7 years, while that of females was 61.6 ± 13.1 years. Among them, 54.9% were urban residents, while 45.1% were living in rural area. The majority of the population was married (83.3%) and Muslim by religion (59.8%). None of the participants had ever used sunscreen. Among the presenting complaints, 34 patients presented with intertrochanteric fractures, 66 with fracture neck of the femur, while only 2 patients presented with a colle's fracture. None of the patients were investigated for vitamin d level or had received treatment for osteoporosis in the past.
Prevalence
in our study population, the mean level of serum 25(oH)d was 15.82 ± 5.88 ng/mL. out of 102 cases included in the study, only 6 (5.8%) patients were in the sufficient range (> 30 ng/mL), while the remaining 94.2% were classified as either at a deficient or insufficient level. 80 patients (78.4%) were insufficient (between 10-30 ng/mL), and 16 patients (15.6%) were deficient in serum 25(oH)d (< 10 ng/mL). Thus, 94.2% of the patients were classified as having a low level of vitamin d ( Table 1 and Figure 1 ). 
Associated factors
To find out the effect of age and vitamin d levels, first we analysed the correlation of age with vitamin d levels and found that they are highly and negatively correlated (r = -0.641, p < 0.001). We also analysed the effect of age on vitamin d status, taking it as a dependent variable and the age of the patients as an independent variable. We found that the mean age in the deficient group (72.9 ± 8.9) was higher than the insufficient group (59.4 ± 12.9) and the normal group (45.8 ± 2.0), and this was statistically significant (F = 13.352, df 2, p < 0.001). on post--hoc analysis using the Bonferroni test, a significant difference was found between the mean age of the deficient group and the insufficient group (mean difference = 13.5, p < 0.001), the deficient group and the normal group (mean difference = 27.1, p < 0.001), as well as the insufficient group and the normal group (mean difference = 13.6, p = 0.026). Thus, a higher age was significantly associated with vitamin d deficiency, as well as insufficiency levels (Table 2 and Figure 2 ). in our study population, males had a higher mean of vitamin d level (17.43 ± 6.39) compared to females (13.50 ± 4.14) , and this was found to be statistically significant (t = 3.766, df = 99.492, p < 0.001). When the presence of menopause among females and vitamin d levels were analysed, it was found that females who had not reached menopause had a significantly higher mean of vitamin d level (17.41 ± 3.22) than those who had reached menopause (12.58 ± 3.81) (t = 3.311, df = 40, p = 0.002). Thus, females, especially those who have reached menopause, were found to be significantly associated with lower vitamin d levels (table 3) . When we compared the religion and residence of patients with vitamin d levels, we did not find any significant relationship. The patients who reported a history of daily sunlight exposure of 15 min or more had higher vitamin d levels (16.45 ± 6.06) in comparison to those who did not (12.60 ± 3.55), and this difference was statistically significant (t = -3.8471, df = 37.599, p = 0.001) ( Table 3) . Source of funding: this work was funded from the authors' own resources. conflicts of interest: The authors declare no conflicts of interest.
Discussion
We observed a very high prevalence (94.1%) of hypovitaminosis d, with insufficiency among 78.4% and deficiency among 15.6% of the cases. Although most epidemiological research on fracture patients are from western countries, our findings replicate these studies, exposing low serum 25(oH)d concentrations among the elderly population with fractures. Studies have reported the prevalence of hypovitaminosis d (< 30 ng/mL) among fracture patients to be on a lower side, with 89% in Germany [20] , 94% in Brazil [21] , 97% in the US [22] and up to 100% in russia [23] . A study from Poland observed this among 85% of elderly patients without fractures [24] . A few indian studies among hip fracture patients found the prevalence of vitamin d deficiency (taken as < 20 ng/mL) ranging between 74% to 76.7% [11, 15] , similar to our study finding (75.5%, at < 20 ng/mL). A study from South india among patients presenting with an orthopaedic trauma also found hypovitaminosis at a level of 95% [10] . We also conducted a comparative analysis of the serum vitamin d level of our study participants with levels among various populations and settings in india, as presented in the review article [6] . We found that mean vitamin d levels were lower in our elderly patients with fractures in comparison to the general population. These studies, as well as our findings, bring us to the conclusion that hypovitaminosis is a major reason behind trivial trauma resulting in a fracture, which needs to be further studied in a larger multicentric study.
Studies have shown that when serum 25(oH) d levels fall below 30 ng/mL, calcium absorption decreases, and this leads to secondary hyperparathyroidism, resulting in resorption of the calcium from bone in order to maintain serum calcium within a normal range [6] . This secondary hyperparathyroidism may lead to weak and fragile bones, and subsequently to fractures from trivial trauma. this is the same reason why studies have recognised serum 25(oH) d < 30 ng/mL as the cut-off value for vitamin d insufficiency [5, 6] . More than 90% of fractures occur as a result of a fall, and the likelihood of falls rises with age as muscle strength and function decrease [25] . Vitamin d supplements, specially along with calcium, would help in resisting fractures, not only by strengthening the bone to survive a trivial fall, but also in averting the chances of falls by strengthening the proximal muscles [7, 26] . A few studies have also documented the role of vitamin d supplements in the healing of fractures [8] . thus, we were in consensus that oral vitamin d supplements would be beneficial to all elderly indians with or without a fracture at presentation.
We observed significantly lower levels of vitamin d with advancing age, among females, especially those who have reached menopause, and among those with inadequate exposure to sunlight. Studies have documented elderly and postmenopausal women as a risk factor for fractures, and supplementation of vitamin d to this group decreases the risk of fractures [5, 7] . our study depicts a strong negative association between the advancing age of fracture patients and serum vitamin d levels, supporting the findings of prior studies [13] ; while Marwaha et al., in their study among healthy adults, did not find any rela-tion [12] . Although few studies found cases of hypovitaminosis irrespective of gender, the majority were of the notion that this is more common among menopausal females [12, 17] . Females, especially from the north indian population, by virtue of various customs and culture, often stay at home, and if they go outside, they are fully or maximally covered, decreasing the chance of exposure to sunlight. The application of sunscreen -which is common among females -may also reduce the chances of adequate penetration of UV rays to the skin, although none of our participants reported a history of ever using sunscreen. india is located between the 8.4 and 37.61N latitude, which receives ample sunlight throughout the year. Studies have proposed that at least 30 minutes of exposure to sunlight daily is required for adequate production of vitamin d [6] ; although this was even less in our study population. We observed that daily exposure of 15 min or more of sunlight is significantly associated with a higher level of serum vitamin d. A significant correlation of the degree of exposure to sunlight with vitamin d levels has also been documented by others in india [13, 15] .
We did not observe residence and religion to have any significant effect on serum vitamin d levels in our study population comprised of older patients with a trivial trauma fracture. Both rural and urban populations, as well as Hindus and Muslims, respectively, had almost similar mean serum vitamin d levels, although all were in the insufficient range, confirming the wide prevalence of vitamin d deficiency among various socioeconomic groups, different ethnicities, rural or urban areas and different professions, as others have measured [6] . therefore, all elderly people, irrespective of their ethnicity, residence or professions, need to be monitored for hypovitaminosis d.
Conclusions
We conducted this study to assess the level of vitamin d among elderly patients presenting with fractures after a trivial trauma and to find out its association with advancing age. our results demonstrated that almost all population with fractures have low vitamin d levels. this prevalence of hypovitaminosis among patients with fractures is quite high when compared to other studies among various population/settings in india, which bring us to the conclusion that low vitamin d levels could be a major risk factor for trivial fractures among the elderly. We also documented a high negative correlation of serum vitamin d levels with increasing age, post-menopause females and inadequate exposure to sunlight. Thus, public health measure for reducing fractures among the elderly population can be sought by increasing serum vitamin d levels, through regular screening and oral vitamin d supplements to the deficient/ /insufficient group, along with counselling for wholesome comprehensive dietary intake and adapting a healthy lifestyle with outdoor activities and increasing exposure to sunlight among all the elderly. Given the high prevalence of vitamin d deficiency among the elderly indian population with fractures and the potential role of vitamin d in the healing of fractures, we advocate the supplementation of vitamin d in all elderly patients. 
